Clinical and epidemiological research suggests that behavioral addictions (BA) are associated with a wide range of psychiatric disorders. However, the relationship between BA and bipolar disorders (BD) has not been thoroughly explored. The aim of this systematic review was to critically summarize and evaluate the current available evidence regarding a possible association between BA and BD. A systematic review of major electronic databases according to PRISMA guidelines was conducted from inception to 31st December 2017. We sought quantitative studies data concerning prevalence of comorbidity, features and treatment related to BA-BD comorbidity. Data were narratively synthesized. Of the 1250 studies returned from the search, a total of 28 articles were included in this review. BA may be overrepresented in BD samples, and the other way around. Pathological gambling and kleptomania were the most prevalent conditions followed by compulsive buying, compulsive sexual behavior and internet addiction. BA was also associated with other mood disorders, anxiety disorders and substance use disorder. BD-BA comorbidity was related with more severe course of illness. Studies on treatment strategies for BD-BA comorbidity are rather limited; only one randomized controlled trial that fulfilled inclusion criteria was identified. Methodological heterogeneity in terms of design and results among studies was found. BD-BA commonly co-occurs although there is a need for rigorous studies. Routine screening and adequate assessment may be helpful in BD patients to identify individuals at risk for BA and to effectively manage the complex consequences associated with BA-BD comorbidity.
Introduction
Bipolar disorder (BD) is a severe and chronic condition which clinical manifestations may encompass different symptom dimensions beyond the core expression related to alterations in mood and energy. For instance, BD patients can present high impulsivity ( Jimenez et al., 2016 ) , and increased comorbidity with other psychiatric disorders (including anxiety disorders, substance use disorders (SUD), attention-deficit/hyperactivity disorder and personality disorders (PD)), which can make diagnosis and management of BD more difficult; this comorbidity is also associated with poorer outcomes ( Grande et al., 2016; Vieta et al., 2018a ) . Comorbidity with SUD is associated with a worse course of bipolar illness, as it may trigger illness onset ( Swann et al., 2004 ) , increase the risk of suicidal behavior ( Ostergaard et al., 2017 ) , relate to functional impairment ( Cardoso et al., 2015 ) , poor treatment adherence ( Murru et al., 2013 ) , and a lower quality of life ( Singh et al., 2005 ) .
Over the last decade, the concept of addiction has been stretched beyond substances to include behavioral addictions (BA). There is some evidence that BA and SUD could share common biological and behavioral characteristics ( Grant et al., 2010 ) . BA are characterized by the repetitive occurrence of impulsive and uncontrolled acts that can turn into addictive behaviors over time, causing psychological, social and working problems, sometimes with legal and economic consequences ( Lejoyeux et al., 2000 ) . Similar to SUD, BA affects the neural circuitry of the brain's reward system. Patients with BA report an urge or craving state prior to initiating the behavior and dysphoric state while abstaining from the behaviors as do patients with SUD. However, unlike substance withdrawal, there are no reports of physiological prominent or medically serious withdrawal states from BA ( Grant et al., 2010 ) . The DSM-5 ( American Psychiatric Association, 2013 ) represents a conceptual change with the inclusion of pathological gambling (PG) under the term "gambling disorder" within the category of addictions, thus defining and recognizing BA ( Demetrovics and Griffiths, 2012 ) . Also, in DSM-5, criteria for "Internet gaming disorder" have been proposed into section III ("emerging measures and models") as an area that required further research before possible inclusion in future editions of the DSM. In previous versions of DSM, PG was included under the umbrella of impulse control disorders (ICD), a separate category from SUD. In this sense, kleptomania has also been hypothesized as having similarities to SUD but it is still classified as ICD. Although not included as formal diagnoses in current psychiatric diagnostic systems, additional behaviors such as compulsive buying ( Black, 2007 ) , internet addiction (IA) ( Ko et al., 2012 ) , video/computer game addiction ( Porter et al., 2010 ) , compulsive sexual behavior, ( Goodman, 1992 ) , food addiction, compulsive buying, work addiction, tanning addiction or physical exercise addiction ( Ascher and Levounis, 2015 ) could be also considered as BA. Yet, not every ICD, or impulsivity-related disorders have been included within the emerging concept of BA. For example, it remains unclear whether trichotillomania, skin-picking disorder, pyromania or intermittent explosive disorder could be conceived as BA. Therefore, the current classification and diagnosis of BA are to date a matter of ongoing debate ( Ascher and Levounis, 2015 ) yet the evidence is clear that BA are associated with worse clinical outcomes and quality of life ( Medeiros et al., 2017 ) .
Previous clinical and epidemiological studies suggest that BA are related to a wide range of psychiatric disorders ( Chamberlain et al., 2016; Grant et al., 2010 ) . BA has been viewed as an attempt to self-medicate or escape negative mood states ( Goldstein and Bukstein, 2010 ) . The co-occurrence of BA-BD ( Di et al., 2010; Sapir et al., 2013 ) could be explained through either BA may trigger or predispose to BD or BD may predispose to BA through increased sensitivity to rewarding stimuli or through self-treatment. Also, BA and BD could share common features such as the emotional instability and impulsivity. However, comorbidity rates, features and treatment related to the association between BA and BD have not been thoroughly studied and, to the best of our knowledge, no systematic review has explored this issue. Thus, a better understanding of the possible associations between BA and BD at epidemiological, phenomenological and mechanistic levels may provide clinical insights for the recognition, management, and understanding of complex patients exhibiting both bipolar spectrum disorders and BA.
Comorbid prevalence rates can be expressed in two ways: the prevalence of psychiatric disorders, especially BD with a comorbid BA and the prevalence of BA with a comorbid BD. Hence, the aim of this systematic review was to critically consider and summarize current available evidence regarding a possible association between BA and BD. Specifically we focused on: (1) Prevalence of comorbid BD in subjects with BA, and associated features, (2) prevalence of comorbid BA in subjects with BD, and associated features and, finally, (3) specific treatments for comorbid presentations of BD and BA.
Experimental procedures
This systematic review was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline recommendations ( Moher et al., 2009 ) .
To identify studies for this review, a systematic search was performed using MEDLINE/PubMed/Index Medicus, Cochrane Library and Psycinfo of all articles published up to December 31st 2017, cross-checking the obtained references. The systematic search was performed as follows: MEDLINE/PubMed/Index Medicus string: keywords ("psychiatric disorder" OR "mood disorders" OR "bipolar disorder" OR "bipolar affective disorder" OR "manic" OR "mania" OR "bipolar depress * ") AND ("behav * addict * " OR "non-substance-related addiction" OR "impulse control" OR "internet addict * " OR "excessive internet use" OR "pathological internet use" OR "problematic internet use" OR "computer addict * " OR "gambl * " OR "eat addict * " OR "food addict * " OR "sex * addict * " OR "shopping addict * " OR "compulsive buying" OR "compulsive sex behav * " OR "buy * addict * " OR "work addict * " OR "tanning addict * " OR "physical exercise addict * " OR "physical activit * addict * " ).
Cochrane library: we used the same search strategy. Psychinfo: we used the same search strategy.
Eligibility criteria and study selection
Records were reviewed using the following inclusion criteria: (1) samples of patients diagnosed with BD presenting a comorbid diagnosis of BA, (2) samples of patients with BA presenting a comorbid diagnosis of BD, (3) mixed samples (e.g., mood disorders patients) with separate outcomes for BD patients, (4) studies conducted on adult ( ≥ 18 years) individuals, (5) case-control and cohort studies, retrospective and prospective, population or register-based, (6) subanalyses or post-hoc analyses considering comorbid BD and BA of wider studies in which the original study did not provide details on BD and BA comorbidity, (7) studies published in English language. The following exclusion criteria were applied: (1) studies concerning addictions in general, but not specifying the type of BA, (2) studies including individuals at high risk for BD with no validated diagnosis (i.e. no standardized diagnostic assessment) and (3) reports not published, uncompleted studies, letters to the editor, opinions or commentaries, reviews, case reports, and short communications.
Data extraction
Using the PRISMA statement, articles were selected based on title and abstract. Full texts of the potentially eligible studies were independently assessed for eligibility by two blind independent researchers (CV and MR). References identified through other sources were also reviewed to identify further possible studies of interest. Extracted information included: main BA, first author, year, study design, primary and secondary aim, general sample size (BD patients in a BA sample and vice versa), BA assessment, primary results and secondary results. It was not possible to do a meta-analysis due to heterogeneity in the outcomes/population thus we conducted a narrative synthesis of the available evidence.
Results
The global search first returned 1250 titles ( Fig. 1 ) . We excluded 14 duplicates articles, so that 1236 articles under-went title and abstract examination. Further 1097 articles unrelated to the aim of this review, 55 reviews, 33 case reports, 3 short communications, 4 letters to the editor, 2 commentaries, 1 supplement and 5 studies involving only children/adolescents were excluded. Thirty-six full text articles were assessed for eligibility and 8 full-text articles were excluded ( DeCaria et al., 1996; Kafka and Prentky, 1992; Kesebir, 2012; Soberay et al., 2014; Hollander et al., 2005a; Wolfling et al., 2015; McIntyre et al., 2007; Nunes-Neto et al., 2018 ) . In the end, 28 full text articles were included in the systematic review ( Black and Moyer, 1998; Kausch, 2004; Hodgins et al., 2005; Petry et al., 2005; Dannon et al., 2006; Zimmerman et al., 2006; Kessler et al., 2008; Edens and Rosenheck, 2012; Abdollahnejad et al., 2014; Nower et al., 2015; Raymond et al., 2003; Scanavino et al., 2013; Kim et al., 2016; Bernardi and Pallanti, 2009; Lejoyeux et al., 2002; Presta et al., 2002; Bayle et al., 2003; Dannon et al., 2004; Di et al., 2010; Sapir et al., 2013; Quilty et al., 2011; Quilty et al., 2017; Kawa et al., 2005; Kennedy et al., 2010; Jones et al., 2015; Kesebir et al., 2012; Karakus and Tamam, 2011; Manning et al., 2017 ) .
Prevalence of comorbid BD in subjects with BA, and associated features
A total of 19 studies were included in this section ( Table 1 ) . Among these, 11 studies were on PG ( Black and Moyer, 1998; Kausch, 2004; Hodgins et al., 2005; Petry et al., 2005; Dannon et al., 2006; Zimmerman et al., 2006; Kessler et al., 2008; Edens and Rosenheck, 2012; Abdollahnejad et al., 2014; Nower et al., 2015; Manning et al., 2017 ) , 2 on compulsive sexual behavior ( Raymond et al., 2003; Scanavino et al., 2013 ) , 2 on IA ( Kim et al., 2016; Bernardi and Pallanti, 2009 ), 1 on ICD (including PG and kleptomania) ( Lejoyeux et al., 2000 ) and 3 on kleptomania ( Presta et al., 2002; Bayle et al., 2003; Dannon et al., 2004 ) .
Pathological gambling (PG)
Across the 11 studies there were 1006 people with BD.
The National Epidemiologic Survey of Alcohol and Related Conditions found that the lifetime prevalence of PG in a sample of 43093 individuals was 0.42% ( Petry et al., 2005 ) . When considering comorbidities, results confirmed high rates of alcohol use disorder (73.2%), PD (60.8%), nicotine dependence (60.4%), mood disorder (49.6%), an anxiety disorder (41.3%), and any other drug use disorder (38.1%). Among patients with lifetime prevalence of any mood disorder, 36.9% presented a lifetime diagnosis of major depressive episode, 22.8% of manic episodes and 4.6% of hypomanic episodes.
Data from the United Stated National Comorbidity Survey Replication revealed that in a sample of 9282 individuals, the lifetime prevalence of problem gambling was 2.3%, while the lifetime prevalence of PG was 0.6% ( Kessler et al., 2008 ) . Among patients with PG, 96.3% of survey respondents also met lifetime criteria for one or more other psychiatric disorders. Concerning BD, the estimated lifetime prevalence of PG among BDII was 2.9%.
A case-control study focusing on all veterans accessing veterans' health mental services (n = 1102846) evaluated JID: NEUPSY [m6+; November 9, 2018; 18:56 ] rates of PG diagnosis and the comorbidity among PG patients ( Edens and Rosenheck, 2012 ) . The results showed that veterans with PG (n = 2,283) were lower compared with non-PG (n = 1,100,563). The results showed that the prevalence of PG was 0.21%. Among PG cases, 20.5% met diagnosis for BD (n = 469). When PG cases were compared with patients without PG, a significant association was found between PG and alcohol use disorders, followed by BD and PD. An epidemiologic study that assessed the prevalence of PG and its comorbid psychiatric disorders in a 275 homeless population of United States of America ( Nower et al., 2015 ) , revealed that PG patients( ≥1 symptom) (n = 127, 46%) were 3-fold more likely than non-PG patients (n = 88, 32%) to meet diagnostic criteria for BD, followed by antisocial PD, post-traumatic stress disorder, any other mental health psychiatric disorder and nicotine use. Also, the results revealed that among PG individuals, 68% met diagnostic criteria for BD.
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The prevalence and diagnostic correlates of PG in psychiatric outpatients was evaluated in a cross-sectional study including 1709 individuals ( Zimmerman et al., 2006 ) . Results showed that 2.3% (n = 40) of patients had a lifetime disorder of PG. Patients with PG were 4-fold more frequently diagnosed with a lifetime history of BDI, followed by panic disorder with agoraphobia, alcohol abuse/dependence, and other ICD than non-PG.
In a recent cross-sectional study the prevalence of gambling problems across the risk continuum and its relationship with substance use and specific psychiatric diagnoses among 831 patients was examined ( Manning et al., 2017 ) . Results revealed that 6.3% (n = 53) of patients were classified as problem gamblers. Also, the results suggested that drug use, borderline PD, BD, and psychotic disorder were significant predictors of PG.
A cross-sectional study that evaluated the psychiatric comorbidity of 30 PG patients ( Black and Moyer, 1998 ) revealed high rates of any lifetime SUD (64%), any lifetime JID: NEUPSY [m6+; November 9, 2018; 18:56 ] Female vs. male: Alcohol dependence (OR = 9.5,95%CI = 1.74-6.26, P < 0.05; OR = 4.6, 95%CI = 2.8-7.6, P = n.s.); SUD (OR = 6.9-8.4, P < 0.05; OR = 2.8-3.5, P = n.s.); nicotine dependence (OR = 14.7,95%CI = 7.5-28.7, P < 0.5; OR = 5.0, 95%CI = 3.1-8.2, P = n.s.); major depressive disorder (OR = 5.6, 95%CI = 3.1-10, P < 0.05; OR = 2.6, 95%CI = 1.6-4.5, P = n.s.); generalized anxiety disorder (OR = 5.2, 95%CI = 2.4-11.3, P < 0.05; OR = 1.7, 95%CI = 0.8-3.6, P = n.s.); * manic episode ( OR = 8.3, 95%CI = 3.8-17.7, P = n.s.; OR = 7.7, 95%CI = 3.9-15.0, P = n.s.); hypomanic episode (OR = 1.6, 95%CI = 0.9-7.1, P = n.s.; OR = 2.6, 95%CI = 0.6-3.8, P = n.s.) Risk factor for PG were alcohol use disorders (OR = 2.8; 95%CI = 11.28-6.87;P < 0.001); past-year homelessness (OR = 2.2;95%CI = 2.0-2.5;P < 0.001); BD (OR = 2.1;95%CI = 1.8-2.3; P < 0.001);PD (OR = 2.1; 95%CI = 1.8-2.3;P < 0.001); ages 40-74 (OR = 1.9-2.3; P < 0.001); being female (OR = 0.8; 95%CI = 0.7-0.9;P < 0.01) BD: ICD + (19%); ICD-(1.3%); P = 0.002. Bulimia: ICD + (19%); ICD-(1.3%); P < 0.001. Compulsive buying: ICD + (51%); ICD-(22%); P < 0.001 Kleptomania Presta et al.,

Crosssectional
To examine the comorbidity of patients with kleptomania n = 20 BDI n = 4, 20%; BDII n = 8, 40%
DSM-IV Obsessive-compulsive disorder (60%); BD (60%); separation anxiety (30%); panic disorder (30%); alcohol use (25%); body dysmorphic disorder (25%); PG (20%); trichotillomania (20%) Bayle et al., DSM-IV Unipolar depression (33%); BDII (19%); obsessive-compulsive disorder (9.5%); Panic disorder JID: NEUPSY [m6+; November 9, 2018; 18:56 ] mood disorder (60%), any lifetime anxiety disorder (40%), any lifetime compulsive behavior (43%) (particularly, compulsive buying (23%) and compulsive sexual behavior (17%)). Among those with mood disorders, 20% reported lifetime BD diagnosis.
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A retrospective cross-sectional comparison study between elderly PG patients (n = 37) and younger PG patients (n = 98) was aimed to investigate lifetime psychiatric comorbidities ( Kausch, 2004 ) . No differences were found between elderly and young PG patients. BD diagnosis was present in 2.7% of elderly gamblers and in 8.2% of younger gamblers without significant differences between both groups.
A naturalistic sample (n = 101) of PG patients was evaluated to determine the association between comorbidity in PG ( Hodgins et al., 2005 ) . Results confirmed high rates of lifetime alcohol disorder (73%), lifetime mood disorders (61%), and lifetime SUD (48%). Among those with mood disorders 4% reported BDI diagnosis and 2% BD II. Additionally, age at onset for mood disorders were equally likely to predate or follow gambling disorders.
A cross-sectional study investigating comorbid psychiatric disorders focused on 52 PG patients and their families ( Dannon et al., 2006 ) reported higher prevalence of alcohol addiction (19%), unipolar depression (17.3%) and any anxiety disorder (13.46%) compared with BD (4%) among PG patients.
A cross-sectional study that evaluated the association between psychiatric disorders and PG in a sample of 140 regular gamblers ( Abdollahnejad et al., 2014 ) showed that 73 patients of the sample met criteria for PG. Among PG individuals, 91% had at least one psychiatric diagnosis. Specifically, PG patients presented significantly higher frequency of posttraumatic stress disorder followed by BDI, panic disorder, lifetime suicidal ideation, mood disorder with psychotic features, social phobia and generalized anxiety disorder.
A cross-sectional study assessed the prevalence of ICD (including PG) in 107 patients meeting criteria for major depressive disorder ( Lejoyeux et al., 2002 ) . Among 28.9% depressed patients with ICD, 2.8% presented PG. BD was significantly more frequent in depressed patients with ICD than in depressed patients without ICD (19 vs.13%).
Compulsive sexual behavior
Across the 2 studies there were a total of 8 people with BD.
A cross-sectional study assessed the lifetime prevalence of other psychiatric disorders in 23 patients with compulsive sexual behavior ( Raymond et al., 2003 ) . Results confirmed high rates of lifetime any anxiety disorder (96%), any mood disorder (71%) and history of SUD (71%). Among mood disorder, 8% of the patients with compulsive sexual behavior met diagnostic criteria for BD.
Another cross-sectional study examined compulsive sexual behavior and psychiatric diagnoses in a sample of 86 male patients with compulsive sexual behavior ( Scanavino et al., 2013 ) . Among those, 72% presented any psychiatric diagnosis, especially anxiety disorders (46.5%), mood disorders (36.1%), SUD (14%) and ICD (12.8%). Among those with mood disorders 5.8% met diagnostic criteria for, hypomania episodes and 1.2% for manic episodes. A linear regression indicated that mood disorders predicted higher compulsive sexual behavior scores.
Problematic internet use (PIU)/ internet addiction (IA)
Across the 2 studies there were a total of 31 people with BD.
A study aimed to investigate the prevalence and psychiatric comorbidities of individuals diagnosed with PIU in a national cohort of 6510 Korean subjects ( Kim et al., 2016 ) . The results showed that 9.3% of the sample met criteria for problematic internet use. Individuals with problematic internet use were more likely to present PG, mood disorders, anxiety disorder and alcohol use disorder than non-problematic internet use individuals. No differences were reported concerning BD prevalence between nonproblematic internet use (0.2%) and problematic internet use individuals (1%).
A cross-sectional study examined psychiatric comorbidities in patients with IA ( Bernardi and Pallanti, 2009 ). IA was found in 15 out of 50 patients. The most prevalent comorbid diagnoses were any anxiety disorders (30%), any PD (28%) and attention deficit and hyperactivity disorder (14%). Regarding mood disorders, 7% of the patients with diagnosis of IA met diagnostic criteria for BDII.
Kleptomania
Across the 3 studies there were a total of 24 people with BD.
A cross-sectional study aimed to evaluate the clinical features and psychiatric comorbidities of 20 outpatients with a lifetime diagnosis of kleptomania ( Presta et al., 2002 ) . All patients met criteria for other psychiatric disorder, especially mood, anxiety disorders, and any other ICD. Among those with mood disorders, 60% reported BD. When sociodemographic and clinical features were examined, the results showed that BDI and bulimia were significantly more likely to occur in women with kleptomania than in men.
A cross-sectional study assessed the prevalence of ICD (including kleptomania) in 107 patients meeting criteria for major depressive disorder ( Lejoyeux et al., 2002 ) . Among 31 (28.9%) depressed patients with ICD, 4 (3.7%) presented kleptomania. BD was found in 3 out of 4 (75%) patients with kleptomania.
A cross-sectional study was performed on the incidence of comorbid psychiatric conditions in a sample of 11 individuals with kleptomania ( Bayle et al., 2003 ) . Among those, 73% had a mood disorder, with 27% individuals fulfilling criteria for BD.
Another cross-sectional study assessed 21 patients affected by kleptomania and their relatives (n = 57) in order to identify possible comorbid psychiatric diagnoses ( Dannon et al., 2004 ) . Results showed that 33% of patients with kleptomania presented unipolar depression, 19% BDII, 4% BDI, 14% panic disorder and 9.5% obsessive-compulsive disorder.
Prevalence of comorbid BA in subjects with BD, and associated features
A total of 9 studies were included in this section ( Table 2 ) . Among these, 2 studies were on BA ( Di et al., 2010; Sapir et al., 2013 ) , 5 on PG ( Quilty et al., 2011; Quilty et al., 2017; Kawa et al., 2005; Kennedy et al., 2010; Jones et al., 2015 ) , 1 on compulsive buying and 1 on ICD ( Karakus and Tamam, 2011 ). JID: NEUPSY [m6+; November 9, 2018; 18:56 ] BA + : n = 52; BA − : n = 106. PG : BD (7%) vs. HC (1%); P < 0.001. CB : BD (17%) vs. HC (6%); P = 0.042. Sexual addiction : BD (3%) vs. HC (2%); P < 0.001. Work addiction : BD (13%) vs. HC (4%); P = 0.005 BA + : higher unemployed (P = 0.021); axis II comorbidity (P = 0.023); higher impulsivity level (P = 0.007) than BA − BA + : lower scores in Self-directness (P = 0.007); cooperativeness (P = 0.014) than BA − Sapir et al.,
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Crosssectional Case-control
To examine the interrelationship between BD and BA (harmful and benign addictions), and temperamental traits Behavioral Addiction Scale Consensus between the two treating physicians BDI: n = 50 HC: n = 50 BD: higher scores on music, shopping and smoking addictions than HC (P < 0.05). Harmful addictions and novelty seeking: BD (r = 0.33; P < 0.05) vs. HC (r = 0.32, P < 0.05). Harmful addictions and cooperativeness: BD (r = −0.42; P < 0.001) vs. HC (r = −0.28, P < 0.05). Benign addictions and self-transcendence: BD(r = 0.31; P < 0.05) vs. HC(r = 0.29, P < 0.05) JID: NEUPSY [m6+; November 9, 2018; 18:56 ] CB: BD (8%); HC (0%) Female: CB ± (11.8%); CB-(2.4%); p = 0.025. Working: CB ± (75%) vs. CB-(52%); P = 0.035. Premenstrual syndrome: CB ± (75%) vs.CB-(32.6%); P = 0.002. Postpartum onset: CB ± (62.5%) vs. CB-(32.6%); P = 0.009. First episode mania: CB ± (75%) vs. CB-(41.3%); P = 0.007. Severity of episode: CB ± (1.5 ± 0.1) vs. CB-(2.2 ± 0.2); P = 0.01. Number of episodes: CB ± (2.3 ± 0.2) vs. CB-(0.9 ± 0.1); P = 0.002. Inter-episode full remission: CB ± (100%) vs. CB-(32.6); P = 0.001. Axis II co-morbidity: CB ± (162.5%) vs. CB-(43.4%); P = 0.045. Cyclothymic temperament scores: CB ± (17. (pathologic skin picking n = 13; CB n = 9; Intermittent explosive disorder n = 8; trichotillomania n = 8; PG n = 4; kleptomania n = 1; compulsive exercise n = 1; compulsive sexual behavior n = 0) ICD + higher comorbidity of alcohol/SUD (P = 0.03), higher number of previous suicide attempts (P = 0.024), more depressive episodes (P < 0.01), and higher impulsivity scores (P = 0.035) than ICD- JID: NEUPSY [m6+; November 9, 2018; 18:56 ] Behavioral addition (BA) Across the 2 studies there were a total of 208 people with BD.
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A cross-sectional study examined the prevalence of BA in a sample of 158 euthymic bipolar patients compared with 200 healthy controls (HC) ( Di et al., 2010 ) . Clinical variables, level of impulsivity and temperamental dimensions were also compared between BD with and without BA. Results showed that bipolar patients presented higher BA comorbidity rates compared to HC (33% vs. 13%). Among patients with BD, compulsive buying (17%) was more frequent followed by work addiction (13%), PG (7%), compulsive sexual behavior (3%) and exercise addiction (4%). Furthermore, BD patients with BA were more likely to present axis II comorbidity than BD patients without BA. When temperament was analysed, the results revealed significantly lower self-directness and cooperativeness scores and significantly higher impulsivity levels in patients with BA with respect to those without BA.
Another study compared 50 BD type I with 50 HC concerning BA ( Sapir et al., 2013 ) . BA were divided into two categories: harmful addictions (alcohol, drugs, cigarettes and gambling), and benign addictions (chocolate, caffeine, exercise, shopping, internet, love relationships, music and work). Post-hoc comparisons revealed significant differences between BD patients and HC in several individual BA. BD showed higher scores on two benign BA (music and shopping) and smoking. Personality traits were also studied; the results showed that, in both groups, novelty-seeking was positively associated with harmful addictions while cooperativeness was negatively associated with harmful addictions.
Pathological gambling / problem gambling Across the 5 studies there were a total of 1302 people with BD.
An exploratory cross-sectional study examined whether men and women with BD differed in comorbidity rates ( Kawa et al., 2005 ) . Among 90 men with BD, 5% met criteria diagnosis for PG, none of the 121 women met criteria diagnosis for PG.
Another study aimed to investigate the frequency of problem gambling, clinical features and comorbidities in a sample of 275 patients with major depressive disorder and 304 patients with BD ( Kennedy et al., 2010 ) . The results showed that prevalence of problem gambling did not significantly differ between major depressive disorder (12.5%) and BD (12.3%) groups. Regarding mood symptom severity, patients with major depressive disorder and BD meeting criteria for problem gambling scored significantly higher on depressive symptoms compared with non-problem gambling. BD patients with comorbid specific phobia, alcohol dependence, and SUD had significantly an increased risk of experiencing problem gambling.
A cross-sectional study examined the prevalence of problem gambling in 635 patients with BD, with a particular focus on differences between BDI and BDII ( Jones et al., 2015 ) . Additionally, the associations between problem gambling and lifetime clinical variables in BD were analyzed. The results revealed that moderate to severe problem gambling was four times higher in BD than in the general population (11% and 3% respectively). Among patients with BDII, 15% (n = 27) were rated as being at moderate or severe risk compared with 10% (n = 40) of those with BDI. Results also showed that clinical variables associated with the presence of moderate and severe risk of problem gambling were having history of suicidal ideation or attempt, history of rapid cycling, and younger age at illness onset.
A cross-sectional and longitudinal study focused on evaluating the prevalence and the association of PG in a sample of outpatients with diagnosis of depressive spectrum disorder, (n = 138) and BD (n = 137) ( Quilty et al., 2011 ) . The prevalence rate of PG evaluated with conservative criteria was 7% in patients with depressive spectrum disorder and 4% in BD, without significant differences between both groups. Despite the concurrent association between PG and mood disorder symptoms (r = 0.33; p < 0.01), over past 5 years no longitudinal association was found between both pathologies.
The prospective associations between affect, desire to gamble, and gambling behavior in individuals diagnosed with a mood disorder were evaluated ( Quilty et al., 2017 ) . Thirty patients with a lifetime diagnosis of unipolar depressive disorder (n = 15) or BD (n = 15) who met criteria for current and lifetime PG were enrolled in this study. Results revealed similar gambling motivations across groups at baseline. However, during the 30-day period BD participants were significantly more likely to use gambling to cope with negative affect (46% vs. 22%) while participants with depressive disorder were significantly more likely to endorse gambling for social reasons (8% vs. 3%) and for enhancing the emergence of positive affect(69% vs. 51%). Regression analysis revealed mood-related variables such as high levels of sadness and arousal predicted an increased desire to gamble and therefore gambling behaviors.
Compulsive buying
Across the 2 studies there were a total of 109 people with BD Outpatients with BD were assessed for the frequency of compulsive buying in a cross-sectional study that included 100 BD patients and 100 HC. Compulsive buying was more prevalent in BD patients (8%) than in HC (0%). Premenstrual syndrome was significantly more frequent in compulsive buying BD patients, as well as postpartum onset than BD patients without compulsive buying. The former group presented statistically more frequent manic onset of illness, and lower episode severity prior to prophylactic treatment. Additionally, axis II comorbidity rates were increased among compulsive buying BD patients. When temperament scores were analyzed, cyclothymic and irritable temperament scores were significantly more prevalent in compulsive buying BD than in non-comorbid BD patients.
In a cross-sectional study, the prevalence of lifetime compulsive buying and other ICD such as PG, kleptomania and compulsive sexual behavior was examined within a sample of 124 euthymic BDI ( Karakus and Tamam, 2011 ) . Results revealed that among bipolar patients with an ICD (n = 34, 27.4%) the prevalence of compulsive buying was higher (7.3%) compared with PG (3.2%), kleptomania (0.8%) and compulsive sexual behavior (0%) in this group of psychiatric patients. Regarding clinical variables, results showed that BD patients with ICD compared with BD patients without them presented higher rates of comorbidity with ARTICLE IN PRESS JID: NEUPSY [m6+; November 9, 2018; 18:56 ] alcohol or any other SUD, higher number of previous suicidal attempts, more depressive episodes, and higher level of impulsivity.
Specific treatments for comorbid BD and BA
One study fulfilled the inclusion criteria ( McElroy et al., 2008 ) . This randomized placebo-controlled trial study evaluated the efficacy and safety of olanzapine in the treatment of PG. The sample consisted in 42 outpatients with PG out of which 21 received olanzapine and 21 received placebo during 12 weeks. Among the sample, 19% had a BD diagnosis (n = 2 olanzapine; n = 6 placebo). The results showed that olanzapine and placebo were associated with a similar rate of reduction in the total scores on the Yale-Brown Obsessive Compulsive Scale, as well as in gambling episodes/week, hours gambled/week, and in the Clinical Global Impressions-Severity of Illness scale scores.
Discussion
To our knowledge, this is the first systematic review specifically aimed to examine the relationship between BA and BD. BD-BA co-occurrence seems to be high, PG being the most common among this group of patients, followed by kleptomania, compulsive buying, compulsive sexual behavior and, finally, IA. We did not find results concerning BD and others BA. Overall, our results suggest that, compared to patients without BA, bipolar patients with concurrent BA present a worse prognosis and more severe course of illness, higher rates of axis I comorbidity, suicidal ideation and behavior, early age at onset and higher levels of impulsivity.
No treatments are currently approved for BA-BD comorbidity; we identified only one randomized controlled trial that has sought to address this issue in people with BD. Additionally, methodological heterogeneity in terms of design among studies was found. Clinical and epidemiological research revealed high rates of comorbidity between BA and psychiatric disorders ( Chamberlain et al., 2016; Grant et al., 2010 ) . The most prevalent seems to be mood disorders, anxiety disorders, SUD and PD. Yet, results globally point at a higher occurrence of BA-BD comorbidity compared with the general population. The prevalence of BD patients in BA samples ranges from 1% to 68% ( Kim et al., 2016; Lejoyeux et al., 2002 ) and the prevalence of BA in BD samples tend to vary from 3% to 33% ( Karakus and Tamam, 2011; Di et al., 2010 ) . Individuals with BA present a higher risk to be diagnosed as BD, esteemed with OR ranging from 1.5 to 4 ( Zimmerman et al., 2006; Abdollahnejad et al., 2014 ) . Together with the fact that there are many studies with small sample size, the variability in the assessment of BA, may partially account for the heterogeneity in our results. Another possible explanation could be that the number of studies found for BA are very widely different. For instance, PG prevalence in BD ranges from 2% to 68%, approximately ( Edens and Rosenheck, 2012; Kausch, 2004 ) , kleptomania from 4% to 75% ( Lejoyeux et al., 2002; Dannon et al., 2004 ) . However, it is worth mentioning that the highest percentage of bipolar patients with kleptomania must be interpreted with caution because could be causing by the small sample size of patients with kleptomania (n = 4) that appeared in the study by Lejotyeux and colleagues. Another BA, compulsive buying and compulsive sexual behavior seem also prevalent. Regarding the former, overspending can also be problems for BD compared to other disorders ( Blanco et al., 2008 ) . Different studies found that compulsive buying scores in bipolar patients were higher than those in HC ( Di et al., 2010; Kesebir et al., 2012 ) . In addition, it has been described that up to 7-8% of individuals fulfilled compulsive buying criteria in samples of individuals with BD ( Kesebir et al., 2012; Karakus and Tamam, 2011 ) , a percentage that is higher than that reported in the general population (3.1%) ( Mueller et al., 2009 ) . Concerning compulsive sexual behavior, its prevalence among BD patients was low (overall 4-8%) compared with other diagnostic categories studied, as any other mood, anxiety disorders and SUD ( Raymond et al., 2003; Scanavino et al., 2013 ) . Regarding IA, it is still not clear whether it constitutes a BA per se or if it simply channels BA, routing patients to compulsive online pornography viewing, compulsive online shopping, or internet gaming disorder ( Chamberlain et al., 2016 ) . The prevalence's rate of comorbidity between BD from problematic internet to IA among BD was 1-7% ( Kim et al., 2016; Bernardi and Pallanti, 2009 ). As aforementioned with kleptomania, results about some BA such as, compulsive sexual behavior and problem internet use must be interpreted with caution since the numbers of studies is small as well as the sample of patients with BD; hence it is difficult to draw firm conclusions about their relationship. It is worth mentioning that diagnostic reliability of most BA is poor, with the exception of PG.
Beyond the overall worsening effect of comorbid BA in BD, another critical aspect that needs to be further investigated is the directional relation between the two disorders, BA has been viewed as an attempt to self-medicate or escape negative mood states ( Goldstein and Bukstein, 2010 ) . The increased prevalence of BD in BA populations ( Di et al., 2010; Sapir et al., 2013 ) points to the possibility that either BA may trigger or predispose to BD or BD may predispose to BA through increased sensitivity to rewarding stimuli or through self-treatment. Since, a trend towards mood elevation and symptoms of hypomania, as well as an orientation towards reward-based behaviors, might drive to develop a BA by enhancing its enjoyment and excitement. On the contrary, depressive symptoms could provide an impetus to console or comfort oneself through BA. In this sense, the relatively strong associations between BD and PG may be explained by the fact that the characteristic mood disturbances of BD could be playing a powerful role in the development and maintenance of gambling problems in this population ( Jones et al., 2015 ) . Actually, various forms of mood disturbance are associated with divergent motivations that might represent distinct pathways into gambling behavior ( Lloyd et al., 2010 ) , participants with BD were likely to endorse gambling to cope with negative affect ( Quilty et al., 2017 ) . Urge of BA are often associated with arousal and restlessness that resemble the elevated mood or with tension and anxiety, similar to that which can occur in depressive or mixed states ( Cunningham-Williams et al., 1998 ) . In this sense, BA-BD comorbidity may pose as a differential diagnostic challenge, and has to be ruled out in the assessment of possible acute depressive-mixed recurrences in BD.
An early BD onset ( Jones et al., 2015; Kausch, 2004; Kessler et al., 2008 ) , and being male ( Kawa et al., 2005; Kennedy et al., 2010; Manning et al., 2017 ) could be associated with risk factors for BD and BA. So, the implementation of early intervention strategies may help to change the outcome of the illness and avert potentially irreversible harm to patients with BD, as early phases may be more responsive to treatment ( Vieta et al., 2018b ) .
When personality traits were analyzed among BD with comorbid BA, self-directness and cooperativeness scores were significantly lower and impulsivity levels significantly higher compared with BD patients without comorbid BA Di et al., 2010; Sapir et al., 2013; Karakus and Tamam, 2011 ) . Taking these results together, impulsivity, poor modulation of motivation, poor modulation of response to rewarding stimuli, combined with susceptibility to behavioral sensitization are other mechanisms that would reinforce a neurocognitive link between BD and BA ( Swann, 2010 ) . Additionally, impulsivity may be associated with greater likelihood of severe suicidal behavior in BD ( Swann et al., 2004; Jimenez et al., 2016 ) . Interactions between impulsivity and other risk factors for suicide, including BA, require further investigation.
Undoubtedly, even lower evidence on potential treatments for BD-BA comorbidity exists. To ensure the internal valid of the findings, many randomized controlled trials exclude patients with multiple comorbird condition. The only trial on treatment that fulfilled inclusion criteria was negative, olanzapine did not showed a significant improvement over the placebo group respect to reduction in gambling behavior and urges ( McElroy et al., 2008 ) . Although the few available literature suggest that mood stabilizers could be an effective treatment approach for BD-BA ( Di et al., 2014 ) , most data is based on case reports with lithium ( Moskowitz, 1980; Rocha and Rocha, 1992 ) , tomiramate ( Nicolato et al., 2007 ) or a single case with carbamazepine ( Haller and Hinterhuber, 1994 ) . In a small randomized control trial, lithium was found to be effective in reducing gambling behavior and effective instability in BD-PG ( Hollander et al., 2005b ) ; however, this study was excluded from our results as BD diagnostic was assessed by a screening tool. No pharmacologic or psychological treatments are currently approved for BA ( Hollander et al., 2005a; Nicolato et al., 2007; McElroy et al., 2008 ) . For this reason, the management of comorbid BA-BD patients was addressed at symptom dimensions. The clinical management of BD-BA comorbidity should prioritize affective instability and ensure mood regulation first then treats the BA symptoms if still necessary ( Di et al., 2014 ) . There are identifiable risk factors that influence the course of BD, some of them potentially modifiable ( Vieta et al., 2018c ) . Adjunctive psychological interventions that have shown to prevent relapses (e.g., psychoeducation, family intervention, cognitive-behavioral therapy and interpersonal and social rhythm therapy) and to improve mood-regulation in BD ( Reinares et al., 2014 ) should be considered. Presumably, this kind of interventions might be beneficial at least to mitigate the potential impact of BD on BA. Although no specific evidence on BA-BD comorbidity exists, successful therapeutic interventions for BA include approaches based on the 12-step model, motivational interviewing, and cognitive behavioral therapies, so that they could be taken into consideration in the treatment of comorbid BA-BD too ( Kennedy et al., 2010 ) .
Our results need to be interpreted in the light of several limitations. First, many of the methodological limitations of the studies may impact on our results, preventing us from drawing firm conclusions. Thus, the fact that many studies included small sample sizes and restricted assessments limit the generalizability of the findings. Taken together, this point out to an overall poor quality in the evidence so far, produced on this specific population, and calls for more methodological sound studies, with more homogenous population. Moreover, due to the cross-sectional design of most studies, the directionality of the association between BA and BD could not be established. Although the presence of manic episodes has been defined as an exclusion criterion of PG ( American Psychiatric Association, 2013 ), we found a large variability in the definition of euthymia, when reported, and most of the studies did not provide this information. Regarding BA, we found differences in the number of studies found for each BA, nomenclature, definitions, and operational criteria about what constitutes BA, as well as screening instruments used.
Future research in the young field of BA and BA-BD comorbidity should focus on narrowing diagnostic criteria for BA, improving their diagnostic reliability. Consequently, assessment should be created and validated in order to allow quantitative, dimensional measurements and possible symptomatic domains. Once stable BA populations could be detected, causal relationships between BA and BD could be investigated, outlining possible risk factors and the neurobiological underpinnings for BA-BD comorbidities.
Conclusions
So far, literature on BA and BD comorbidity suggest the existence of an increased co-occurrence of these conditions. Our findings highlight the need to undertake systematic and routine screening and comprehensive assessment of possible co-occurring BA in BD, given the potential negative impact that BA may bring directly on bipolar illness and, more in general, to the impairment in the social, relational, economic and quality of life of patients suffering from these conditions. Shared neurobiological underpinnings can be hypothesized in high levels of impulsivity and emotional instability, but have to be ascertained and fully understood. A better assessment and understanding of the relationship between BA and BD in future research should contribute to the improved identification of BD individuals at risk of BA. Comorbid BA-BD patients should also be assessed in their potentially differential treatment response. Forthcoming research will possibly help identifying novel targets for treatment and, ultimately, improve the outcome of both conditions.
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